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Abstract 
Frequency is an important parameter of a power system, and frequency measurement is a very important link in a 
power system measurement device. This paper compared the accuracy of the Fourier frequency measurement 
algorithm with different sampling period, chose the method of whole cycle to improve. Calculated based on the 
empirical model and used the least error squares fitting the error compensation curve to correct the result and get a 
new algorithm in frequency measurement which is convenient in calculation, high precision and real-time because it 
need only 2 sampling cycle and does not increase the complexity. The simulation results show the frequency value 
measured by improved algorithm is highly accurate and can be applied in a quick arc-suppressing system. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.Introduction 
In the power system, frequency is an important parameter, reflecting the power system is an important 
indicator of power quality. In recent years, with the rapid development of power technologies, much non-
linear electrical equipment put into operation, that make the voltage, current, non-sinusoidal waveform 
distortion, there are a lot of harmonic components. Harmonic content when the system reaches a certain 
level, the normal operation of the power system will cause damage. Therefore, accurate measurement of 
real-time operation of power system frequency stable operation of power system protection is important. 
Frequency measurement power system there are many algorithms [1,2], In which zero-crossing algorithm 
and the cross algorithm by harmonics, noise and voltage amplitude of the larger [3]ˈand Least squares 
algorithm requires a longer data window in order to improve the accuracy harmonic environment, 
efficiency is low. Algorithm based on Fourier filtering ability of the frequency measurement method, 
however, when the sampling frequency is fixed, the signal period is not equal to an integer multiple of the 
sampling period, the spectral leakage will lead to considerable error [4]. This signal model is established 
based on experience, by calculating the spectral leakage resulting from the Fourier algorithm error curves 
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obtained by least square fitting error of fundamental frequency and calculation of the relation between, 
then the actual measured signal with full-cycle method frequency value, substituted into the relationship 
between the amount of error compensation is calculated, and then get corrected frequency value. Least 
square fitting curve of the polynomial coefficients for only counted once, no increase in algorithm 
complexity and effective method to improve the Fourier frequency measurement accuracy. 
2.Basic algorithm of fourier 
Power system voltage signal, assuming that the fundamental frequency 0f , real system frequency f, and 
0f f f  ' ˈConsider only the fundamental frequency, the voltage signal is˖

   
 
0
0 0
sin 2
sin 2 2
m
m
u t U ft
U f t ft
S I
S S I
 
  ' 
 
Define:   02t ftI S I '  ˈand

( )
2
d t
f
dt
I S '  
And discrete differential form of formula (2) is: 
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Taking time step as 1 measurement cycle 0T , that is 
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Formula (4) is frequency measurement formula. Meanwhile, frequency measurement is transformed 
into solving I'  of formula (3). 
In first measure period, the real and imaginary parts of voltage are: 
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Using DFT, changing formula (5) 
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After another period, there is similarly 2I , and  
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Frequency value calculated by formula (8) and (4) 
Because of different values, the Fourier algorithm can be classified as 
1
1
4
cycle (algorithm1), 
1
1
2
cycle (algorithm2) and full cycle (algorithm3) etc. The accuracy is shown in TABLE I: 
TABLE I. COMPARISON OF THE ACCURACY FOR FOURIER ALGORITHM (WITH DIFFERENT SAMPLING PERIOD)
frequency /Hz 
relative error /(%) 
algorithm1 algorithm2 algorithm3
49.5 -3.8888 -0.5263 0.1308 
49.7 -2.209 -0.1145 0.0586 
49.9 -0.6884 0.0317 0.0119 
50.1 0.6366 -0.1041 -0.0040 
50.3 1.7497 -0.5363 0.0105 
50.5 2.6508 -1.2733 0.0493 
From the results, although 
1
1
4
 cycle and 
1
1
2
 cycle algorithm has a slight advantage in the 
computation time, but has far less precision than full-cycle method in the calculation. Therefore the 
following analysis based on full-cycle approach to improve on the accuracy. 
3.Improved algorithm 
The sampling frequency is not equal to an integer multiple of the fundamental frequency, so after one 
calculated by the FFT spectrum leakage, and the error increases with[5]. Improvement of the conventional 
Fourier transform method is used the better performance of the window function of the input signal 
sampling, such as the Hanning window and so on. But because they are usually the main lobe wider and 
require multiple cycles of the sampling[6], real-time is not good. Correction algorithm[7] can effectively 
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improve the accuracy. Therefore consider the rectangular window and error based on the relationship 
between f'  to reduce the error.  
In the power system, voltage harmonic components of the signal harmonics are usually dominated by 3, 
5, and 7. Based on this experience, take fundamental frequency of 3, 5, and 7,9,11 harmonics and DC 
component to establish empirical data model, using standard unitary system, namely: 
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As input to the signal, fundamental frequency from 49Hz to 51Hz, each 0.002Hz calculated by a 
Fourier frequency measurement and to generate sequence
rf , then  sequence rf  corresponding to the 
input of the fundamental frequency f sequences subtraction, that is e rf f f  , and the empirical 
model by Fourier full cycle of input signals the absolute error of law curve, as shown in Figure 1: 
Figure 1. The standard error curve of Fourier algorithm
For each point on the curve by taking a negative error compensation curve, the least square fitting, we 
can get: 
Figure 2. Comparison of four curve fitting and error compensation curve 
Shown in Figure 2, over 4 fitting curve obtained by the least square is better in fitting degree, and to 
ensure the accuracy of curve fitting with the different coefficients of the empirical formula, we take 5 
fitting curves by the least square. 
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By curve fitting we obtained an array of coefficients > @1 2 3 4 5 6, , , , ,p p p p p p , and established the 
relationship rf  between the empirical model based on the absolute error of ef  and the result of the full 
cycle Fourier method: 
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
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4.Simulation 
To verify the effect of improved frequency measurement algorithm, Table 2 shows the improved 
algorithm (IA) with the traditional algorithm (TA) in the frequency comparison measurements under. 
Model 1 (M1) of simulated signal is 
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Model 2 (M2) of simulated signal is 
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Model 3 (M3) of simulated signal is 
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Where 
M1: changing the amplitude of harmonic components 
M2: changing the phase of harmonic components 
M3: changing both the phase and the amplitude of harmonic components. 
TABLE II shows the comparative results 
TABLE II. COMPARISON OF MEASUREMENT ERROR WITH IMPROVED ALGORITHM AND TRADITIONAL ALGORITHM
f/Hz 
errors/(%) 
49.5 49.7 49.9 50.1 50.3 50.5 
M1
TA 0.1771 0.0783 0.0158 -0.0052 0.0144 0.0678 
IA 0.0468 0.0200 0.0034 -0.0016 0.0042 0.0190 
M2
TA 0.1458 0.0623 0.0122 -0.0042 0.0077 0.0377 
IA 0.0156 0.0039 -0.0001 -0.0006 -0.0025 -0.0111 
M3
TA 0.1940 0.0816 0.0158 -0.0053 0.0110 0.0519 
IA 0.0638 0.0233 0.0035 -0.0017 0.0007 0.0031 
As can be seen from TABLE II Improved algorithm in different models and different frequency values 
were significantly increased under the accuracy. 
5.Calculation of the actual fault Data 
On the site of a particular signal to calculate the actual fault recorder wave data, fault segments which 
share the third harmonic component as shown in Figure 3, the normal band frequency waveform shown in 
Figure 4.  
Figure 3. Share of harmonic in failure period 
Figure 4. Frequency curve in normal period 
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Thus, the algorithm can more truly reflect the situation and the failure of harmonic frequency real-time 
tracking system operation, and can be applied to the actual operation and maintenance of power system 
6.Conclusions 
Consider the Fourier frequency measurement error compensation method compared with traditional 
Fourier algorithm, reduces the leakage error, and improve the measurement accuracy, without increasing 
the complexity of the algorithm. With the use of high-performance windows compared to the Fourier 
frequency measurement method, the sampling period less strong with real-time advantage. The algorithm 
can be applied to areas such as rapid arc, the application of the algorithm is complete sets of equipment in 
the Northeast and East China Power Grid has been widely used. 
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